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(54) Electron emission device, manufacturing method thereof, and display apparatus 



(57) The present invention provides an electron 
emission device assured to emit electrons without re- 
quiring film thickness control in the order of submicrons 
and a manufacturing method of the electron emission 
device as well as a display apparatus using the electron 



emission device. 

The electron emission device includes a cathode 
electrode (6) consisting of conductive fine particles (6A) 
adhered directly onto a substrate (5) and electrons are 
emitted from these conductive fine particles (6A) when 
a predetermined electric field is applied. 
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Description 

RAHKftROUND ™ THF INVENTION 
Field ol the Invention 

[00011 The present invention relates to an electron 
emission device used in a so-called field emission type 
display apparatus, a manulacturing method of the elec- 
tron emission device, and a display apparatus using the 
electron emission device. 



Description of the Prior Art 

r0002] Recently, the development of display appara- 
tuses has been directed to make the apparatuses th.n- 
ner In such a circumstance, special attention is paid on 
a so-called field emission type display (hereinafter, re- 
ferred to as FED). . 
[0003] As shown in Fig. 1 , in this FED, for one pixel, 
there are provided a spin! type electron emission device 
100 and a fluorescent plane 101 formed to oppose to 
this electron emission device 100. This pixel is formed 
in a matrix to constitute a display. 
100041 This portion corresponding to one pixel in- 
cludes an electron emission device having: a cathode 
electrode 103 formed on a cathode panel 102; an insu- 
lation layer 104 formed on the cathode electrode 103 a 
qate electrode 105 layered on this insulation layer 104, 
a hole portion 106 formed through the gate electrode 
and the insulation layer 104; and an electron emission 
emitter 107 formed inside the hole portion 106. Moreo- 
ver t hisFEDincludesafluorescentplane101 arranged 
so as to oppose to this electron emission device 00 
and having a front panel 108, an anode electrode ,109 
formed on this front panel 108, and a fluorescent body 
110 Furthermore, this FED is constituted so that a pre- 
determined voltage is applied to the cathode electrode 
103, the gate electrode 105, and the anode electrode 
109 

[0005] In this FED, the electron emitter 107 is made 
from a material such as W, Mo, and Ni processed ap- 
proximately into a small conical shape with its tip posi- 
tioned at a predetermined distance Irom the gate elec- 
trode This electron emission device 1 00 emits electrons 
from the tip of the electron emitter 107 and includes a 
plurality of electron emitters 107. 
[00061 In the FED having such a configuration, a pre- 
determined electric field is generated between the cath- 
ode electrode 103 and the gate electrode 105. This 
causes electrons to be emitted from the tip of the elec- 
tron emitter 107. The electrons emitted attack the fluo- 
rescent body 110 formed on the anode electrode 109. 
This excites the fluorescent body 110 to emit light. The 
FED controls the quantity of the electrons emitted from 
the electron emitter 107 for each pixel, enabling to dis- 
play a desired image. 

[0007] More specifically, in the FED, the hole portion 



106 has an opening dimension of about 1 micrometer 
or below, and the electron emitter 107 has a height of 1 
micrometer or below and the tip of the electron emitter 

107 has a curvature radius in the order of severa tens 
5 of nm. Moreover, in the FED. one pixel has several tens 

to several thousands ol electron emitters 107. For ex- 
ample, in a display ol XGA class in which the number of 
pixels is 1024 X 768 X (RGB), it is necessary to provide 
1 00 to 1 00000 millions of electron emitters 1 07. 
to [00081 A voltage of several tens of volts is applied 
from the cathode electrode 103 to the gale electrode 
105 so as to generate an electric field in the order of 
107 V/cm between the gate electrode 105 and the tip ol 
the electron emitter 107. Moreover, a voltage m the er- 
rs der of 200 to 5000 V is applied to the anode electrode 
109, so that electrons emitted from the electron emitter 
1 07 attach the fluorescent plane 101. 
[0009] However, the FED having the electron emitter 
107 of the spint type has problems as follows. 
20 [0010] First of all, the spint type electron emitter 107 
is formed in a micron size, requiring a submicron accu- 
racy. Accordingly, it is necessary to employ a process 
and apparatus identical to those for producing an inte- 
grated circuit (IC). However, for example, when prepar- 
es fng a display having a screen of 17-inch size in d.agonal 
direction, the apparatus size becomes too large signif- 
icantly increasing the costs, besides, if the display r to 
have a large size, the production yield is remarkably low- 
ered because the electron emitters 107 need be formed 
30 uniformly over the entire cathode panel surface. 

[00111 Secondly, the electron emitter 107 is made 
Irom a material such as W. Mo. and Ni, and an electnc 
field in the order of 107 V/cm is required between the 
cathode electrode 103 and the gate electrode 105. In 
as order to reach this while maintaining small the voftage 
applied, the interval between the gate electrode 1 05 and 
the electron emitter 107 need be a submicron or below. 
However, it is quite difficult to form a submicron interval 
without short-circuiting between the gate electrode 05 
40 and the cathode electrode 103. That is, the production 
vield is significantly lowered. 
[0012] Thirdly, the material W, Mo or Ni constituting 
the electron emitter 107. for example, is quite weak 
against the ion collision of ions generated by a residual 
45 qas and from the fluorescent body 110 and is rapidly 
deteriorated. Therefore, in the FED having this spint 
type electron emitter 107. the vacuum degree ol the por- 
tion containing the electron emitter 107 need be re- 
duced More specifically, it is necessary to maintain a 
50 vacuum 10 times lower than the vacuum degree ol an 
ordinary cathode ray tube 10* to 10-7 Torr. In order to 
reach such a low vacuum, it is necessary to much in- 
crease the mechanical strength of the display, thus pre- 
venting a reduction of the apparatus size including the 
55 thickness and weight. 

[0013] In contrast to this spint type electron emitter 
107 there has been suggested an electron emission de- 
vice including an electron emitter of conductive fine par- 
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tide type. An electron emission device including this 
conductive fine particle type electron emitter is dis- 
closed, for example, in PCT/GB96/01858 [1] and WO 
97/06549 [2] , wherein conductive fine particles are con- 
tained in a dielectric layer, i.e., the conductive fine par- 
ticles are covered with a dielectric layer so as to be ar- 
ranged via the dielectric layer onto a conductive layer. 
[0014] This conductive fine particle type electron 
emitter generates an electric field when a voltage is ap- 
plied to the conductive layer. This electric field causes 
the conductive fine particles to emit electrons. In this 
case, the electron emitter can be formed more easily 
than the aforementioned spint type and is appropriate 
for a large-screen flat display which can be produced 
with a reasonable production cost. 
[0015] Moreover, US Patent No. 5,608,28 [3] disclos- 
es an electron emission device including a conductive 
fine particle type electron emitter wherein conductive 
fine particles are provided on a high-resistance pillar 
formed on a conductive layer and on the conductive lay- 
er via a bonding layer. 

[0016] This electron emitter also generates an electric 
field so that the conductive fine particles arranged on 
the bonding layer and the like emit electrons. In this case 
also, the electron emitter can be produced more easily 
than the aforementioned spint type and is appropriate 
for a large-screen flat display which can be produced at 
a reasonable cost. 

[001 7] On the other hand, in the electron emission de- 
vice disclosed in Documents [1] and [2] , it is necessary 
to accurately define the thickness of the dielectric layer 
between the conductive fine particles and the conduc- 
tive layer as well as the thickness of the dielectric layer 
covering the conductive fine particles. More specifically, 
each of these thickness values should be in the order of 
1/10 to 1/100 of the conductive fine particle diameter, i. 
e., several hundreds of Angstroms. 
[001 8] However, it is quite difficult to control the thick- 
ness of the dielectric layer in the order of several hun- 
dreds of Angstroms. In this electron emission device, if 
it is impossible to control the thickness of this dielectric 
layer with a high accuracy, it is impossible to preferably 
emit electrons, preventing the use of the device as a dis- 
play for displaying an image. That is, such an electron 
emission device having a difficulty in controlling the 
thickness of the dielectric layer cannot be used for an 
image display apparatus such as the FED. 
[0019] Moreover, in the electron emission device as 
disclosed in Document [3], conductive fine particles are 
arranged so as to be fixed by the bonding layer. In this 
electron emission device, if the conductive fine particles 
are covered by the bonding layer, emission of electrons 
is disabled. In order to form a bonding layer without cov- 
ering the conductive fine particles, it is necessary to con- 
trol the thickness of the bonding layer to be several hun- 
dreds of Angstroms. 

[0020] However, it has been difficult to control the 
thickness of the bonding layer to several hundreds of 



Angstroms. In such an electron emission device, be- 
cause of the difficulty to control the thickness of the 
bonding layer with a high accuracy, the conductive fine 
particles may be embedded into the bonding layer, thus 
s preventing emission of electrons. 

SUMMARY OF THE INVENTION 

[0021] It is therefore an object of the present invention 
io to solve the aforementioned problems of the aforemen- 
tioned conventional electron emission device so as to 
provide an electron emission device capable of assuring 
emission of electrons without requiring the control of the 
film thickness in a submicron unit, and a production 
'5 method of such an electron emission device as well as 
a display apparatus using the electron emission device. 
[0022] The electron emission device that solves the 
aforementioned problem includes a cathode electrode 
of conductive fine particles formed on a substrate 

wherein the conductive fine particles are adhered 
directly onto the substrate and electrons are emitted 
from the conductive fine particles when a predetermined 
electric field is applied. 

[0023] In this electron emission device, generation of 
an electric field causes the conductive fine particles to 
emit electrons. In this electron emission device, the con- 
ductive fine particles are adhered directly onto the sub- 
strate. Accordingly, this electron emission device does 
not require an adhesive layer or the like for fixing the 
conductive fine particles onto the substrate. Conse- 
quently, this electron emission device has such a con- 
figuration that the conductive fine particles can easily 
emit electrons. 

[0024] Moreover, in the electron emission device ac- 
cording to the present invention, it is preferable that 
those portions of the conductive fine particles adhered 
directly onto the substrate are held by a glass material. 
[0025] In this case, the electron emission device has 
the conductive fine particles which are firmly fixed by the 
glass material onto the substrate. This can ensure that 
peeling off of the conductive fine particles from the sub- 
strate is prevented. 

[0026] On the other hand, the electron emission de- 
vice manufacturing method according to the present in- 
vention includes: a step of applying a conductive paint 
containing conductive fine particles and binder onto a 
substrate to form a film thereon; and a step of sintering 
the conductive paint film formed on the substrate, so as 
to remove the binder, thus enabling to adhere the con- 
ductive fine particles directly onto the substrate. 
[0027] In this electron emission device manufacturing 
method, the conductive paint film is sintered to remove 
a binder contained in the conductive paint film. Thus, 
the conductive fine particles can be adhered to the sub- 
strate by the Van der Waals force. Accordingly, the con- 
ductive fine particles can be firmly fixed to the substrate. 
That is, this method does not require formation of an 
adhesive layer for fixing the conductive fine particles on- 
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to the substrate. Moreover, in this method, because 
there is no need ot formation of an adhesive layer or the 
like, the conductive fine particles need not be covered. 
[0028] Moreover, in the electron emission device 
manufacturing method according to the present inven- 
tion, it is possible to carry out a surface treatment after 
removing the binder by sintering. 
[0029] In this case, the surface treatment of the con- 
ductive fine particles can remove impurities such as a 
binder completely from the surfaces of the conductive 
fine particles. Moreover, the conductive fine particles af- 
ter having been subjected to the surface treatment have 
exposed portions activated. 
[0030] Furthermore in the electron emission device 
manufacturing method according to the present inven- 
tion the conductive paint may contain a glass material, 
and the conductive paint applied onto the substrate is 
sintered to remove the binder, sothat the conductive fine 
particles are adhered directly onto the substrate and the 
glass material contained in the conductive paint film is 
precipitated so as to hold portions of the conductive fine 
particles adhered directly onto the substrate. 
[0031] In this case, the conductive paint film contain- 
ing the glass material is sintered to remove the binder 
and the like and settle the glass material onto the sub- 
strate In this method, the settled glass material covers 
the adhesion portion of the conductive fine particles This 
enables to further firmly fix the conductive fine particles 
onto the substrate. 

[0032] Furthermore, the display apparatus according 
to the present invention includes: an electron emission 
device including a cathode electrode having a plurality 
of conductive fine particles arranged on a substrate; an 
anode electrode arranged to oppose to the electron 
emission device so as to generate an electric field to 
accelerate electrons emitted from the electron emission 
device and a fluorescent plane arranged on the anode 
electrode to be attacked by electrons accelerated by the 
anode electrode. In this display apparatus, the cathode 
electrode has the plurality of conductive fine particles 
adhered directly onto the substrate and emits electrons 
when a predetermined electric field is present and the 
electrons emitted from the cathode electrode cause the 
fluorescent plane to emit light. 
[0033] In the display apparatus having the aforemen- 
tioned configuration according to the present invention, 
electrons are emitted from the conductive fine particles 
adhered directly onto the substrate. In this display ap- 
paratus, the electrons thus emitted are accelerated by 
the electric field generated by the anode electrode to 
attack the fluorescent plane. This causes the fluores- 
cent plane to emit light, to display an image. 

ppicr nFfir.RIPTION OF T HF DRAWINGS 

[0034] Fig. 1 is a cross sectional view showing an es- 
sential portion of a display apparatus using a conven- 
tional electron emission device. 



[0035] Fig. 2 is a perspective view showing a config- 
uration of a display apparatus using an electron emis- 
sion device according to the present invention. 
[0036] Fig. 3 is a cross sectional view showing an es- 
s sential portion of an example of a cathode electrode of 
the electron emission device. 
[00371 Fig. 4 shows a relationship between an electric 
field intensity and an electron emission quantity. 
[0038] Fig. 5 is a cross sectional view showing an es- 
10 sential portion of another example of the cathode elec- 
trode of the electron emission device. 
[0039] Fig. 6 is a perspective view showing a config- 
uration of a display apparatus using another electron 
emission device according to the present invention 
is [0040] Fig 7 is a perspective view showing a config- 
uration of a display apparatus using still another electron 
emission device according to the present invention. 
[0041] Fig 8 is a perspective view showing a config- 
uration of a display apparatus using still another electron 
20 emission device according to the present invention. 
[0042] Fig 9 is a perspective view showing a config- 
uration of another display apparatus according to the 
present invention. 

[0043] Fig 10 is a cross sectional view showing a 
25 glass substrate for explanation of an electron emission 
device production method according to the present in- 
vention. . ,. _ 
[0044] Fig 11 is a cross sectional view showing the 
glass substrate and an undercoat glass for explanation 
30 of an electron emission device production method ac- 
cording to the present invention. 
[0045] Fig. 1 2 is a cross sectional view showing the 
glass substrate, the undercoat glass, and a conductive 
paste for explanation of an electron emission device 
35 production method according to the present invention. 
[0046] Fig. 13 shows EDX values determined after 
sintering the conductive paste: the horizontal axis rep- 
resenting the energy and the vertical axis representing 
the count. 

40 [0047] Fig. Uisacircuitdiagramforverifymgthesur- 
face state of the conductive fine particles. 
[0048] Fig. 1 5 shows a relationship between the den- 
sity and resistance determined using the circuit shown 

in Fig. 1 3. . 
45 [0049] Fig. 16 is a cross sectional view showing the 
glass substrate and the conductive paste for explana- 
tion of an electron emission device production method 
according to another embodiment of the present inven- 
tion- , .u„ 
so [0050] Fig. 1 7 is a cross sectional view showing the 
glass substrate, conductive paste, and mask for expla- 
nation of the electron emission device production meth- 
od according to another embodiment of the present in- 
vention. 

ss [0051] Fig. 18 is a cross sectional view showing the 
glass substrate and cathode electrode for explanation 
of the electron emission device production method ac- 
cording to another embodiment of the present invention. 
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[0052] Fig. 19 is a cross sectional view showing the 
glass substrate and the conductive paste for explana- 
tion of an electron emission device production method 
according to still another embodiment of the present in- 
vention. 

[0053] Fig. 20 is a cross sectional view showing the 
glass substrate, conductive paste, and photo-resist for 
explanation of the electron emission device production 
method according to still another embodiment of the 
present invention. 

[0054] Fig. 21 is a cross sectional view showing the 
glass substrate, conductive paste, photo-resist, and 
mask for explanation of the electron emission device 
production method according to still another embodi- 
ment of the present invention. 
[0055] Fig. 22 is a cross sectional view showing the 
glass substrate, conductive paste, and photo-resist for 
explanation of the electron emission device production 
method according to still another embodiment of the 
present invention. 

[0056] Fig. 23 is a cross sectional view showing the 
glass substrate, conductive paste, and photo-resist for 
explanation of the electron emission device production 
method according to still another embodiment of the 
present invention. 

[0057] Fig. 24 is a cross sectional view showing the 
glass substrate and conductive paste for explanation of 
the electron emission device production method accord- 
ing to still another embodiment of the present invention. 
[0058] Fig. 25 is a cross sectional view showing a 
glass substrate and photo-resist for explanation of an 
electron emission device production method according 
to yet another embodiment of the present invention. 
[0059] Fig. 26 is a cross sectional view showing a 
glass substrate, photo-resist, and mask for explanation 
of an electron emission device production method ac- 
cording to yet another embodiment of the present inven- 
tion. 

[0060] Fig. 27 is a cross sectional view showing a 
glass substrate and photo-resist for explanation of an 
electron emission device production method according 
to yet another embodiment of the present invention. 
[0061] Fig. 28 is a cross sectional view showing a 
glass substrate, photo-resist, and conductive paste for 
explanation of an electron emission device production 
method according to yet another embodiment of the 
present invention. 

[0062] Fig. 29 is a cross sectional view showing a 
glass substrate and conductive paste for explanation of 
an electron emission device production method accord- 
ing to yet another embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0063] Hereinafter, description will be directed to an 
electron emission device, its production method, and a 
display apparatus using the electron emission device 



according to specific embodiments of the present inven- 
tion. 

[0064] As shown in Fig. 2, the electron emission de- 
vice according to the present invention is applied to a 

5 so-called field emission display (FED). The FED in- 
cludes an electron emission device 1 , and anode elec- 
trodes 2 and fluorescent planes 3 arranged at an iden- 
tical interval so as to oppose to the electron emission 
device 1. In this FED, a high-degree vacuum state is 

10 maintained between the electron emission device 1 and 
the anode electrodes 2 together with the fluorescent 
planes 3. 

[0065] In this FED, the electron emission device 1 in- 
cludes a glass substrate 4 and a cathode electrode 6 
*5 containing conductive fine particles such as graphite 
and arranged via an undercoat glass 5 on the glass sub- 
strate 4. 

[0066] The glass substrate 4 is formed approximately 
in a rectangular thin plate shape and has a predeter- 
20 mined strength to endure the aforementioned vacuum 
state. The undercoat glass 5 is made from a glass paint 
of absorption type applied to have a thickness of about 
10 micrometers. 

[0067] The cathode electrode 6, as will be detailed lat- 

2S er, is made from a conductive paste applied with a pre- 
determined width onto the undercoat glass 5 which is 
then sintered. As shown in Fig. 3, the cathode electrode 
6 is formed with conductive fine particles 6A such as 
graphite particles directly adhered to the undercoat 

30 glass 5 in a band shape of a predetermined width. Here, 
the conductive fine particles 6A adhere to the substrate 
with Van der Waals force. Moreover, the conductive fine 
particles 6A having a certain density are electrically con- 
nected to one another. 

35 [0068] Moreover, in this FED, a plurality of the cath- 
ode electrodes 6 are formed at a predetermined interval 
in parallel to one another. More specifically, in a case of 
FED having a display of 20-inch size in diagonal direc- 
tion, each cathode electrode 6 has a width of about 100 

40 micrometers and an interval between adjacent cathode 
electrodes 6 is about 100 micrometers. 
[0069] Furthermore, in this FED, a power source is at- 
tached to each of the cathode electrodes 6. This enables 
to selectively apply a voltage to the respective cathode 

45 electrodes 6. 

[0070] The conductive fine particles 6A used for this 
cathode electrode 6, for example, may be graphite as a 
single substance; a mixture of graphite particles with 
barium oxide; a mixture of strontium, oxide, or metal with 

50 graphite particles; diamond particles containing impuri- 
ties such as nitrogen, phosphorous, boron, and triazol; 
diamond-like carbon containing impurities such as nitro- 
gen, phosphorous, boron, and triazol; silicon carbide; 
and the like. 

55 [0071 ] Moreover, the conductive fine particles 6A may 
have any configurations, i.e., may have regular shapes 
such as a sphere or scale, or may have irregular shapes. 
As for the particle size of the conductive fine particles 
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6A, it can be determined according to the width of the 
cathode electrode 6. For example, in a case of cathode 
electrode 6 having a width of 1 00 micrometers, it is pos- 
sible to use any particles having diameter of 100 mi- 
crometers or below, and more preferably in a range from 
0.1 to 4.0 micrometers. It should be noted that as the 
particle size becomes smaller, an electron quantity emit- 
ted per unit area is increased, which is preferable. How- 
ever, if the particle size is smaller than 0.1 micrometer, 
the conductivity of the cathode electrode 6 may be de- 
teriorated. 

[0072] On the other hand, the anode electrode 2 and 
the fluorescent plane 3 are arranged to oppose to the 
cathode electrode 6. 

[0073] That is, the anode electrode 2 and the fluores- 
cent plane 3 are formed on an opposing surface 7A of 
a front side glass substrate 7 provided parallel to the 
aforementioned glass substrate 4. In this FED, the an- 
ode electrode 2 is formed on the opposing surface 7A 
of the front side glass substrate 7 in stripes in a direction 
vertical to the aforementioned cathode electrode 6. The 
fluorescent plane 3 is formed on the anode electrode 2 
with three fluorescent bodies of red (R), green (G), and 
blue (B), constituting an RGB pattern. 
[0074] Moreover, in this FED, the anode electrode 2 
and the fluorescent plane 3 have a width of about 66 
micrometers and the distance between adjacent anode 
electrodes and fluorescent planes 3 is also about 66 mi- 
crometers. Accordingly, when this FED is viewed from 
the front side glass substrate 7, a plurality of anode elec- 
trodes 2 vertically intersects a plurality of cathode elec- 
trodes 6, constituting a matrix. In other words, in this 
FED, the cathode electrodes 6 make a two-level cross- 
ing with the anode electrodes 2 and the fluorescent 
planes 3. 

[0075] In this FED, each of the portions of the RGB 
pattern formed on an anode electrode and overlaid with 
a cathode electrode 6 constitutes a pixel. That is, in this 
FED, each of the crossing areas in a matrix shape con- 
stitutes a pixel. 

[0076] Each of the anode electrodes 2 is made from 
a colorless transparent conductive material such as ITO 
(mixed oxide of In and Sn) and attached to a power 
source. Thus, a predetermined voltage is selectively ap- 
plied to the respective anode electrodes 2. 
[0077] In the FED having the aforementioned config- 
uration, electrons emitted from the electron emission 
device 1 attack the fluorescent bodies to display an im- 
age. 

[0078] In this FED, a predetermined voltage is applied 
so that the anode electrode 2 is positive with respect to 
the cathode electrode 6. Thus, a predetermined electric 
field is generated corresponding to the area constituted 
by a pair of the cathode electrode 6 and the anode elec- 
trode 2, i.e., an area corresponding to the pixel. When 
this electric field exceeds a threshold value, electrons 
are emitted from the conductive fine particles 6A of the 
cathode electrode 6. Here, the electrons are emitted 



from a side of the conductive fine particles 6A facing the 
anode electrode 2. 

[0079] More specifically, when conductive fine parti- 
cles 6A are graphite particles, the threshold value is in 
5 the order of 4.5 X 10 4 V/cm as shown in Fig. 4. It should 
be noted that this threshold value varies depending on 
the configuration, density, and surface state of the con- 
ductive fine particles 6A. In the case of graphite parti- 
cles, the threshold value is in the order of 5 X 10 4 to 5 
10 x 1 0 5 V/cm. Moreover, here a voltage applied to the an- 
ode electrode 2 need be positive in relation to the cath- 
ode electrode 6. The voltage applied to the cathode 
electrode 6 need not be 0 V. 

[0080] Thus, the electron emission device 1 accord- 
1S ing to the present invention uses the conductive fine par- 
ticles 6A adhered directly to the undercoat glass 5. Ac- 
cordingly, compared to the conventional spint type elec- 
tron emission device the threshold value of the field 
emission is low. In the conventional spint type electron 
20 emission device, the cathode electrode is W, Mo, or the 
like formed into a conical shape, requiring an electric 
field in the order of 10 7 V/cm for field emission. 
[0081] In contrast to this, in the electron emission de- 
vice 1 according to the present invention, conductive 
25 fine particles 6A such as graphite are used and accord- 
ingly, the threshold value of the electric field for electron 
emission is reduced. Consequently, in the electron 
emission device 1, the voltage applied to the cathode 
electrode 6 is reduced. That is, it is possible to drive with 
30 a lower power consumption. 

[0082] Thus, in the FED, electrons are emitted from 
the cathode electrodes 6 corresponding to the respec- 
tive pixels. This causes the pixels to emit light, consti- 
tuting an image as the entire FED. 
35 [0083] More specifically, on a screen to display an im- 
age, the anode electrodes 2 are arranged in horizontal 
directions and the cathode electrodes are arranged in 
vertical directions. A vertical synchronization signal is 
used to successively apply a constant voltage to the re- 
40 spective anode electrodes. In this state, a voltage with 
a threshold voltage set to the black level is applied to 
the cathode electrodes 6 according to a horizontal syn- 
chronization signal. When displaying an image, an im- 
age signal sampled according to the respective pixels 
45 j s applied to the cathode electrodes 6 and the anode 
electrodes 2 constituting pixels. Thus, the respective 
pixels can display desired colors to display an image. 
[0084] It should be noted that in this FED, the method 
for driving the electron emission devices and anode 
so electrodes 2 constituting the pixels is not to be limited 
to the aforementioned method. 
[0085] In the aforementioned electron emission de- 
vice and the display apparatus using the electron emis- 
sion device according to the present invention, the con- 
55 ductive fine particles 6A are adhered directly onto the 
undercoat glass 5 and their surfaces are exposed out- 
ward. Moreover, the conductive fine particles 6A are 
chemically stable. The conductive fine particles 6A are 
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especially stable chemically when containing a carbon 
material as a main content such as graphite and dia- 
mond. 

[0066] In contrast to this, in the conventional spint 
type electron emission device, the cathode electrodes 
are made from a metal such as W, Mo, and Ni or silicon. 
Accordingly, the cathode electrodes are deteriorated, 
for example, by attack by ions. Consequently, in the con- 
ventional electron emission device, the cathode elec- 
trodes need be used in a high vacuum. More specifically, 
in the conventional electron emission device, it is nec- 
essary to maintain a vacuum of 1 0 -7 to 1 0* 8 Torr or below 
which is ten times below the vacuum degree of the cath- 
ode ray tube. 

[0087] On the other hand, in the electron emission de- 
vice 1 according to the present invention, the conductive 
fine particles 6A are chemically stable. Even if an ion 
attacks a cathode electrode 6, the conductive fine par- 
ticles 6A attacked are only exposed as an active portion, 
and the cathode electrode 6 will not be deteriorated. 
[0088] Consequently, the electron emission device 1 
can be driven in a vacuum in the order of 10 -6 to 10 -7 
Torr like the vacuum degree of a cathode ray tube. Thus, 
the display apparatus using this electron emission de- 
vice 1 does not require a high-degree vacuum, facilitat- 
ing the structure design and enabling to obtain a large- 
size screen. 

[0089] Moreover, in the conventional electron emis- 
sion device using conductive fine particles, the conduc- 
tive fine particles are surrounded by a high-resistance 
material and a dielectric material. The high-resistance 
material and the dielectric material need be formed as 
a film with thickness in the order of several hundreds of 
Angstrom. This film formation is difficult in the produc- 
tion procedure, and if this high-resistance material and 
the dielectric material are absent, there arises a problem 
that field emission is not carried out. That is, ion attack 
peels out the high-resistant layer from the surface, dis- 
abling preferable electron emission. 
[0090] On the other hand, in the electron emission de- 
vice 1 according to the present invention, even if the 
conductive fine particles 6A are attacked by ions, the 
attacked portion is simply cleaned. For this, in the elec- 
tron emission device 1 according to the present inven- 
tion, the conductive fine particles 6A, even after at- 
tacked by ions, can preferably emit electrons. That is, 
in the display apparatus using this electron emission de- 
vice 1 , the conductive fine particles 6A can always have 
a preferable electron emission characteristic, enabling 
always to display an image preferably. 
[0091] Furthermore, in the electron emission device 
and the display apparatus according to the present in- 
vention, it is possible to increase an electron quantity 
emitted per unit area by increasing the density of the 
conductive fine particles 6A. In other words, in this elec- 
tron emission device and the display apparatus, the 
electron emission quantity can be increased simply by 
increasing the density of the conductive fine particles. 



Thus, in this electron emission device, it is possible to 
easily increase the electron emission quantity. Conse- 
quently, in the display apparatus, it is possible to signif- 
icantly increase the luminance compared to the conven- 
5 tional one. 

[0092] The electron emission device according to the 
present invention is not limited to the configuration 
shown in Fig. 3 but can have a configuration as shown 
in Fig. 5 where a glass material 8 is provided. In this 
10 case, the electron emission device includes; the glass 
substrate 4, the undercoat glass 5; the cathode elec- 
trode 6 having the conductive fine particles 6 A provided 
via the undercoat glass 5 on the glass substrate 4; and 
the glass material 8 holding the conductive fine particles 
'5 6A adhered directly to the undercoat glass 5. 

[0093] In this electron emission device, the cathode 
electrode 6 is formed from a conductive paste contain- 
ing a glass content and applied with a predetermined 
width and then sintered Thus, as shown in Fig. 5, the 
cathode electrode is formed by the conductive fine par- 
ticles 6A adhered directly to the undercoat glass 5 and 
those portions where the conductive fine particles 6 are 
adhered directly to the undercoat glass 5 are covered 
by the glass material 8. Here, the conductive fine parti- 
cles 6A are adhered to the undercoat glass 5 with the 
Van der Waals force and further firmly fixed to the un- 
dercoat glass 5 by the glass material 8. 
[0094] In the electron emission device having the 
aforementioned configuration, the conductive fine par- 
ticles 6A are adhered directly to the undercoat glass 5 
comparatively firmly. Accordingly, in this electron emis- 
sion device, the conductive fine particles 6A will not be 
peeled off from the undercoat glass. Consequently, 
even if this electron emission device is subjected to an 
abnormal vibration or force, the electron emission de- 
vice will not be deteriorated and can exhibit a stable pref- 
erable electron emission characteristic. 
[0095] The electron emission device according to the 
present invention is not limited to the aforementioned 
configuration, but can also have a configuration includ- 
ing a bus electrode 1 0 as shown in Fig. 6. The electron 
emission device shown in Fig. 6 includes; the glass sub- 
strate 4; the undercoat glass 5 covering the glass sub- 
strate 4; the cathode electrode 6 having the conductive 
fine particles 6A such as graphite particles arranged via 
the undercoat glass 5 on the glass substrate 4; and the 
bus electrode 10 formed along the cathode electrode 6 
and having a lower electric resistance than the cathode 
electrode 6. 

[0096] In this electron emission device 1, a power 
source is connected to the bus electrode 10 so as to 
apply a predetermined voltage. In this electron emission 
apparatus 1 , a predetermined voltage is applied to the 
bus electrode 10 so as to generate a predetermined 
electric field for the conductive fine particles 6A. 
[0097] Moreover, in this electron emission device al- 
so, as shown in Fig. 3, the conductive fine particles 6A 
are adhered directly to the undercoat glass 5. Further- 
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more in this electron emission device 1 , a voltage is ap- 
plied to the bus electrode 10. Accordingly, the conduc- 
tive fine particles 6A may not be connected electrically 
or may be connected electrically to one another. 
[0098] Furthermore, as shown in Fig. 5, the electron 
emission device may have a configuration in which 
those portions where the conductive fine particles 6A 
are directly adhered to the undercoat glass 5 are held 
by the glass material 8. In this case also, a voltage is 
applied to the but electrode 10 in the electron emission 
device Accordingly, the conductive fine particles may 
not be electrically connected or may be electrically con- 
nected to one another. 

[0099] In the electron emission device 1 having the 
aforementioned configuration, a predetermined voltage 
is applied to the bus electrode 10 so as to generate a 
predetermined electric field. In this electron emission 
device 1, the electric field thus generated causes the 
conductive fine particles 6A to emit electrons. Thus, in 
the electron emission device 1 , the bus voltage provided 
has a lower electric resistance than the cathode elec- 
trode 6, so that a voltage to be applied can be set almost 
regardless of the electrical resistance of the cathode 
electrode 6 itself. That is, in this electron emission de- 
vice 1, even if the conductive fine particles 6A is at a 
lower density and the cathode electrode 6 has a higher 
electrical resistance, it is possible to generate a desired 
electric field by applying a voltage to the bus electrode 
10. 

[0100] Moreover, in the electron emission device 1 ac- 
cording to the present invention, the bus electrode 1 0 is 
not limited to the one formed along the cathode elec- 
trode, but can be formed in stripes on the glass substrate 
4 as shown in Fig. 7. 

[0101] In this case, the electron emission device 1 in- 
cludes- the glass substrate 4; the cathode electrode 6 
containing a plurality of conductive particles 6A formed 
on the glass substrate 4 at a position corresponding to 
apixef and the bus electrode 10 formed in stripes so as 
to surround the cathode electrode 6. Moreover, in this 
electron emission device 1 also, the conductive fine par- 
ticles 6A are adhered directly to the glass substrate 4. 
In this electron emission device 1 , both ends in the lon- 
gitudinal direction of the bus electrode 10 formed in a 
stripe are connected to a power source. 
[0102] In the electron emission device 1 having the 
aforementioned configuration, a predetermined voltage 
is applied to the bus electrode so as to generate a pre- 
determined electric field in the vicinity of the cathode 
electrode 6. Thus, this electron emission device 1 can 
emit electrons from the cathode electrode 6 by this elec- 
tric field. . 
[0103] Thus, in this electron emission device 1 , in or- 
der to emit electrons from the cathode electrode 6, a 
voltage is applied to the bus electrode 10 having a low 
electric resistance. Accordingly, this electron emission 
device 1 can be driven with a low voltage compared to 
the type in which a voltage is applied to the cathode elec- 



trode 6. , 
[0104] On the other hand, the electron emission de- 
vice 1 according to the present invention is not to be 
limited to the aforementioned configuration but may 
s have a configuration including a gate electrode 11 as 
shown in Fig. 8. 

[0105] That is, as shown in Fig. 8, the electron emis- 
sion device 1 includes: the glass substrate 4, the under- 
coat glass 5; the cathode electrode 6 having the con- 
10 ductive fine particles 6A such as graphite particles pro- 
vided via the undercoat glass 5 on the glass substrate 
4- and the gate electrode 11 provided via an insulation 
layer 12 on the cathode electrode 6. Moreover, in this 
electron emission device also, the conductive fine par- 
rs tides 6A are adhered directly to the undercoat glass 5 
as shown in Fig. 3. 

[0106] Moreover, this electron emission device, as 
shown in Fig. 5, may have the configuration in which the 
portions where the conductive fine particles 6A are in 
zo direct contact with the undercoat glass 5 are held by the 
glass material 8. 

[0107] In this electron emission device 1 , a plurality 
of cathode electrodes 6 are formed in parallel to one an- 
other in Y direction in Fig. 8. Moreover, a plurality of gate 
25 electrodes 1 1 are formed in parallel to one another in X 
direction in Fig. 8. That is, in this electron emission de- 
vice 1 the cathode electrodes 6 and the gate electrodes 
1 1 are arranged so as to form two-level crossings. 
[0108] In this electron emission device 1 , each of the 
so two-level crossings formed by the gate electrode 1 1 and 
the cathode electrode 6 constitutes a pixel. Accordingly, 
a number of gate electrodes 11 are formed to be identi- 
cal to the number of the fluorescent bodies in the display 
apparatus. In this electron emission device, an opening 
35 iiAisformedinthegateelectrodell and the insulation 
layer 12 corresponding to a pixel. The conductive fine 
particles 6A are exposed from this opening 11 A. That is. 
Tn this electron emission device 1. the conductive fine 
particles 6A are exposed only to the portions corre- 
40 sponding to the pixels in the display apparatus. 

[0109] Moreover, in the display apparatus using this 
electron emission device 1, as shown in Fig. 8, the an- 
ode electrode 2 is formed over the entire surface of the 
front side glass substrate 7. 
4S [0110] In the electron emission device 1 having the 
aforementioned configuration, a predetermined voltage 
is applied to the cathode electrode 6 and another pre- 
determined voltage is applied to the gate electrode 11. 
Here a positive voltage of several tens of volts is applied 
so tothe gate electrode 11 with respect to the cathode elec- 
trode 6 This generates a predetermined electric field 
around the cathode electrode 6 and the cathode elec- 
trode emits electrons. 

[0111] Furthermore, in this electron emission device 
ss 1 , each two-level crossing of the gate electrode 11 and 
the cathode electrode 6 corresponds to one pixel. Ac- 
cordingly, by applying a predetermined voltage to the 
gate electrode 11 and the cathode electrode 6, it is pos- 
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sible to make a desired pixel to emit light. Thus, in the 
electron emission device 1 , it is possible to emit elec- 
trons for a desired pixel by selecting a gate electrode 11 
and a cathode electrode 6 to which a voltage is applied. 
Consequently, in the display apparatus using this elec- 
tron emission device 1 , the anode electrode 2 can be 
formed on the entire surface of the front side glass sub- 
strate 7. That is, unlike the case shown in Fig. 2, the 
anode electrode merely generates an electric field to ac- 
celerate the electrons emitted. 
[0112] In this electron emission device also, the con- 
ductive fine particles 6A are graphite particles or the like. 
When compared to the conventional spint type electron 
emission device, it is possible to emit electrons with a 
small electric field. Accordingly, in this electron emission 
device 1 , it is possible to reduce the voltage required for 
emitting a predetermined quantity of electrons. 
[0113] Furthermore, the display apparatus according 
to the present invention using the electron emission de- 
vice as shown in Fig. 8 may have a configuration includ- 
ing a focus electrode 1 3. 

[0114] That is, as shown in Fig. 9, the display appa- 
ratus includes a plurality of focus electrodes 1 3 formed 
in parallel (X direction in Fig. 9) to the cathode electrode 
6 over a plurality of gate electrodes 11 . This focus elec- 
trode 1 3 is formed adjacent to the opening formed in the 
gate electrode 11 and has both ends in the longitudinal 
direction connected to a power source. 
[0115] In the electron emission device 1 having the 
aforementioned configuration, as has been described 
above, a predetermined voltage is applied to the focus 
electrode 1 3 when emitting electrons. This causes the 
focus electrode 13 to generate a predetermined electric 
field. In this electron emission device 1, focusing of the 
electrons emitted is performed by the electric field gen- 
erated by the focus electrode 1 3, so as to attack a de- 
sired fluorescent body. That is, in this electron emission 
device 1, electrons emitted from a cathode electrode 6 
corresponding to one pixel will not attack adjacent pix- 
els. Accordingly, in this electron emission device 1 , it is 
possible to prevent irregular coloring when displaying 
an image on the display apparatus. It should be noted 
that the focus electrode 13 is not limited to the afore- 
mentioned configuration but may have any configura- 
tion if it can focus emitted electrons to regulate their or- 
bits. 

[0116] Moreover, the display apparatus according to 
the present invention is not limited to the aforemen- 
tioned configuration, but may have a configuration, for 
example, where the longitudinal direction of the fluores- 
cent body 3 formed in stripe intersects the longitudinal 
direction of the gate electrode 1 1 . Moreover, the display 
apparatus may have fluorescent bodies formed in dots. 
[0117] Next, explanation will be given on a manufac- 
turing method for producing the aforementioned elec- 
tron emission device used in the FED. 
[0118] Firstly as shown in Fig. 10, a glass substrate 
20 of a thin plate shape is prepared. This glass substrate 



20 has a main surface 20A which is highly flattened and 
smoothed. 

[0119] Next, as shown in Fig. 11, an undercoat glass 

21 is formed on the main surface 20A of this glass sub- 
s strate 20. This undercoat glass 21 is made from an ab- 
sorption type glass applied by way of a so-called printing 
method, so as to have a film thickness of about 10 mi- 
crometers. 

[0120] Next, as shown in Fig. 12, a conductive paste 
10 22 containing conductive particles is applied onto the 
undercoat glass 21 with a predetermined width. This 
conductive paste 22 is made from conductive particles 
such as the aforementioned graphite particles kneaded 
together with a binder. This conductive paste is applied, 
'5 for example, with a thickness of 1 0 micrometers formed 
in stripes, each stripe having a width of 1 00 micrometers 
and arranged at an interval of 100 micrometers. 
[0121] In this embodiment, this conductive paste 22 
is formed using the so-called screen printing method. 
When this screen printing method is used, it is possible 
to form the conductive paste 22 into a predetermined 
configuration without etching or the like for forming the 
conductive paste 22 into a desired configuration. 
[0122] Moreover, when the conductive paste 22 is 
formed on the undercoat glass 21 having an absorption 
characteristic, the conductive paste 22 can be applied 
while the flow is controlled. Accordingly, with this meth- 
od, it is possible to form an accurate configuration of the 
conductive paste 22 on the undercoat glass 21. 
[0123] Next, the conductive paste 22 formed on the 
glass substrate 20 is sintered. This sintering is carried 
out at a temperature for completely removing the binder 
contained in the conductive paste 22. More specifically, 
when a conductive paste 22 containing graphite parti- 
cles is formed with about 10 micrometers on the under- 
coat glass 21 , the sintering is carried out at the temper- 
ature of about 480° C. 

[0124] Thus, the binder is completely removed from 
the conductive paste 22 and the conductive fine parti- 
cles are adhered directly to the undercoat glass 21. 
Here, the conductive fine particles are adhered to the 
undercoat glass 21 with the Van der Waals force. 
[0125] In this method, it is also possible that the con- 
ductive paste 22 contains a glass content when sin- 
tered. In this case, the conductive paste 22 is made from 
the conductive fine particles such as the aforemen- 
tioned graphite particles, binder kneaded with the binder 
and the glass content. The conductive paste 22 thus 
prepared is sintered so that the binder is completely re- 
moved and the glass content precipitates onto the un- 
dercoat glass 21. 

[0126] Thus, the binder is removed in the sintering 
process and the conductive fine particles are adhered 
directly to the undercoat glass 21. Moreover, in this 
method, the conductive paste 22 contains a glass con- 
tent, which precipitates to be hardened into a glass ma- 
terial. This glass material covers the conductive particle 
portions which are adhered directly to the undercoat 
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glass. 



[01 27] Here, an explanation will be given on an exper- 
iment to prove that the glass material covers the portion 
ot the conductive fine particles adhered directly to the 
undercoat glass 21. 

[0128] Firstly, as has been described above, the con- 
ductive paste 22 is sintered and subjected to a compo- 
sition analysis using an energy dispersion type X-ray 
spectrometer (hereinafter, referred to as EDX) with an 
acceleration voltage setto 10 kV. Fig. 13 shows a result 
of this analysis. 

[01 29] Fig. 1 3 shows a graph having a peak of C from 
the graphite used as the conductive fine particles and a 
peak of Pb. This Pb peak comes from the glass content 
of the conductive paste 22. This proves that the sintering 
of the conductive paste 22 results in the existence of a 
glass material besides the conductive fine particles on 
the undercoat glass 21. 

[01 30] Moreover, as shown in Fig. 1 4, a conductor 41 
of plate shape was formed on a substrate 40. After the 
conductive paste 42 was applied onto this substrate 40 
and the conductor 41 , sintering was carried out so that 
conductive fine particles were adhered directly onto the 
conductor 41 . The conductors 41 were electrically con- 
nected to the surfaces of the conductive fine particles, 
so as to form a circuit for measuring a resistance be- 
tween the conductor 41 and the conductive fine parti- 
cles, using a resistance-meter. 
[0131] Using such a circuit, a change of resistance be- 
tween the conductor 41 and the conductive fine particles 
was measured while changing the weight ratio of the 
glass content and the binder against the conductive fine 
particles. More specifically, a conductive paint was pre- 
pared firstly for 70% by weight of conductive particles 
with respect to the glass content and the binder. This 
conductive paint as having 1 00% density was diluted by 
the glass content and binder to obtain a conductive paint 
of a desired density. 

[0132] Fig. 1 5 shows a result of this measurement. As 
is clear from this Fig. 15, a large resistance value was 
exhibited at the density of about 30%. At the density of 
about 40%, the resistance value was suddenly de- 
creased. At the density of about 50% or above, the re- 
sistance value was very small. The sudden change in 
the resistance value is the point where the conductive 
fine particles are exposed outward from the surface. Ac- 
cordingly, in order to expose the conductive fine parti- 
cles, it is preferable that the density be 40% or above tn 
the experiment shown in Fig. 15. Moreover, in order to 
sufficiently expose the surfaces of the conductive fine 
particles, it is preferable that the density be about 50% 
or above in the experiment shown in Fig. 15. 
[01 33] These experiments proved that the conductive 
paste containing a glass content when sintered has a 
configuration where a glass material is formed to sur- 
round the conductive particle portions adhered directly 
to the substrate. Thus, in this method, the conductive 
paste 22 containing a glass content enables to f irmly ad- 



here the conductive fine particles directly to the under- 
coat glass 21 . 

[0134] Next, a surface treatment is carried out to the 
conductive fine particles adhered directly onto the un- 
5 dercoat glass 21 as has been described above. This sur- 
face treatment need not be carried out when the sinter- 
ing can completely remove impurities such as a binder. 
This surface treatment may be, for example, plasma 
etching, electrolysis, washing using an acid such as m- 
10 trate, and the like. 

[01 35] After this surface treatment, the surfaces of the 
conductive fine particles are completely cleaned of im- 
purities such as a binder. Accordingly, the conductive 
fine particles after the surface treatment has no problem 
is in electron emission and can emit electrons more easily 
than the one not subjected to a surface treatment. Con- 
sequently, when this surface treatment is carried out, it 
is possible to further reduce the threshold value for emit- 
ting electrons, enabling to emit electrons with a lower 
20 voltage. 

[0136] However, the electron emission device pro- 
duction method according to the present invention is not 
limited to the aforementioned method for applying the 
conductive paste 22 by way of the screen method but 
25 can be a method using a photo-sensitive paste made 
from a photo-sensitive resin as shown in Fig. 16 to Fig. 
18, for example. 

[01 37] In this case, firstly, as shown in Fig. 1 6, a pho- 
to-sensitive paste 23 containing conductive fine parti- 
30 cles and a photo-sensitive resin is applied over the en- 
tire surface of a main surface 20A of the glass substrate 
20 Here, the photo-sensitive paste 23 is applied by way 
of the spin coat method, for example, with a thickness 
of about 1 0 micrometers. 
35 [01 38] The photo-sensitive resin is a resin which has 
a characteristic to be hardened by exposure to light. For 
example, it is possible to use a diazo compound. When 
the diazo compound is used, the photo-sensitive resin 
is hardened when exposed to ultraviolet rays. Moreover, 
40 this photo-sensitive paste 23 contains 70 weight % of 
conductive fine particles with respect to the photo-sen- 
sitive resin. . 
[0139] It should be noted that the method for applying 
the photo-sensitive paste 23 containing this photo-sen- 
45 sttive resin is not limited to the aforementioned spin coat 
method. It is also possible, for example, to flow the pho- 
to-sensitive paste 23 over the glass substrate 20 or to 
use the gravure roll method. Moreover, the weight % of 
the conductive fine particles in the photo-sensitive paste 
50 23 is not limited to the aforementioned 70 weight % but 
can have any value according to the glass substrate 20 
serving as an undercoat and the sintering condition. 
[0140] Next, as shown in Fig. 17, a mask 24 is used 
for exposure. This mask 24 has a size to cover almost 
55 the entire surface of the glass substrate 20 and has 
openings 25, each having a width of about 100 microm- 
eters and formed at an interval of about 100 microme- 
ters That is, in this mask 24, the openings 25 are formed 
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at positions corresponding to the configuration of the 
cathode electrode to be formed. 
[0141] Here, the mask 24 is accurately positioned in 
contact with or apart from the surface of the photo-sen* 
sitive paste 23 formed on the glass substrate 20, so that 
only the photo-sensitive paste 23 exposed from the 
opening 25 formed on this mask 24 is subjected to ra- 
diation of ultraviolet rays. 

[0142] Next, as shown in Fig. 1 8, the entire surface of 
the photo-sensitive paste is made to react with a devel- 
oping liquid so as to remove an unexposed portion of 
the photo-sensitive paste. Here, the developing liquid 
is, for example, an aqueous solution of sodium carbon- 
ate which is sprayed by jet over the photo-sensitive 
paste 23 or the photo-sensitive paste 23 is impregnated 
by the solution. Thus, the photo-sensitive paste 23 hard- 
ened remains in a predetermined area on the glass sub- 
strate 20. 

[01 43] I n the same way as has been described above, 
sintering and surface treatment are carried out so as to 
completely remove the photo-sensitive paste 23, so that 
conductive fine particles can be adhered directly onto 
the glass substrate 20. It should be noted that in this 
case also, it is possible that the photo-sensitive paste 
23 contains a glass content so as to firmly fix the con- 
ductive fine particles with the glass material. 
[0144] In this method, by exposing a predetermined 
area of the photo-sensitive paste 23, a desired configu- 
ration of the photo-sensitive paste 23 is formed on the 
glass substrate 20. Accordingly, in this method, by in- 
creasing the accuracy of the mask 24, it is possible to 
obtain a highly accurate configuration of the photo-sen- 
sitive paste 23 remaining on the glass substrate 20. 
Consequently, in this method, it is possible to form the 
cathode electrode in fine stripes. 
[0145] Moreover, the electron emission device pro- 
duction method according to the present invention may 
be a so-called lift-off method as shown in Fig. 1 9 to Fig. 
24. 

[0146] In this case, firstly, as shown in Fig. 19, a con- 
ductive paste 26 containing conductive fine particles 
and binder is formed over the entire surface of the main 
surface 20A of the glass substrate 20. Here, the con- 
ductive paste 26 may be applied by any of the screen 
printing method, deposition method, sputtering method, 
the CVD method, or the like. 

[0147] Next, as shown in Fig. 20, a photo-resist 27 of 
ultraviolet-ray hardening type is formed over the entire 
surface of the conductive paste 26. This photo-resist 27 
may be the one which is generally used for thin film for- 
mation. This photo-resist 27 is applied using the method 
such as the spin coater method or the gravure roll meth- 
od. 

[0148] Next, as shown in Fig. 21, a mask 28 is used 
to expose a desired area on the photo-resist 27. Here, 
the mask 28 has an opening 29 corresponding to a cath- 
ode electrode in the same way as in the method shown 
in Fig. 13. By using this mask 28, the photo-resist 27 is 



exposed to light so as to harden the photo-resist 27 at 
a position corresponding to the cathode electrode. 
[0149] Next, as shown in Fig. 22, a developing liquid 
is used to remove an unexposed portion of the photo- 

s resist 27. Here, the developing liquid may be sprayed 
over the photo-resist 27 or the photo-resist may be im- 
pregnated with the developing liquid. Thus, the photo- 
resist 27 remains only on the conductive paste 26 that 
becomes the cathode electrode. 

10 [0150] Next, as shown in Fig. 23, the conductive paste 

26 is removed excluding the portion where the photo- 
resist 27 remains. More specifically, the conductive 
paste 26 is removed by a method such as electrolysis 
or dry etching using the hardened photo-resist 27 as a 

'5 mask. Thus, the conductive paste 26 and the photo-re- 
sist 27 remain on the glass substrate at a position op- 
posing to the cathode electrode. 
[0151] Next, as shown in Fig. 24, an organic solvent 
is used to remove the photo-resist 27. Thus, the photo- 
resist 27 is peeled off from the conductive paste 26 to 
expose outward the conductive paste 26 formed at a po- 
sition corresponding to the cathode electrode. 
[0152] In the same way as has been described above, 
sintering and surface treatment are carried out to com- 
pletely remove impurities such as photo-resist 27 and 
binder, so that conductive fine particles can be adhered 
directly onto the glass substrate 20. It should be noted 
that in this case also it is possible that the photo-resist 

27 contains a glass content so that the conductive fine 
particles can be firmly fixed by the glass material. 
[0153] In this method, similarly as in the aforemen- 
tioned case using the photo-sensitive paste 23, by form- 
ing the mask 28 with a high accuracy, it is possible to 
form a highly accurate configuration of the cathode elec- 
trode. Accordingly, in this method, it is possible to easily 
form a cathode electrode having a small width and small 
interval. 

[0154] It should be noted that in this method, it is pos- 
sible to use a so-called sand blast method when remov- 
ing the photo-resist 26 from the glass substrate 20 ex- 
cluding the area having the remaining photo-resist 27. 
With this sand blast method, ultra-fine sand particles are 
sprayed in the same direction for etching of the conduc- 
tive paste 26. 

[0155] Furthermore, the electron emission device 
production method according to the present invention 
may employ a so-called lift-off method as shown in Fig. 
25 to Fig. 29. 

[0156] In this case, firstly, as shown in Fig. 25, a film 
of photo-resist 30 is formed to cover the entire surface 
of the main surface 20A of the glass substrate 20. Here, 
the photo-resist 30 is applied by a method such as the 
spin coat method and gravure roll method with a film 
thickness of about 1 micrometer. It should be noted that 
the film thickness of the photo-resist 30 is not limited to 
this value but may be about 20 micrometers or below. 
[0157] Next, as shown in Fig. 26, a mask 31 is used 
to expose a predetermined area to light. Here, the mask 
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31 has an opening 32 formed to expose the photo-resist 
30 excluding the area where a cathode electrode is to 
be formed. 

[0158] Next, as shown in Fig. 27, a developing liquid 
is used to remove the photo-resist 30 of the predeter- 
mined area. Thus, the photo-resist 30 hardened re- 
mains excluding the area where the cathode electrode 
is to be formed. 

[0159] Next, as shown in Fig. 28, a conductive paste 
33 is applied over the entire surface having the photo- 
resist remaining in the predetermined area. The conduc- 
tive paste 33 may be formed into a film by way of the 
screen printing method, deposition method, sputtering 
method, CVD method, or the like. Here, the film of the 
conductive paste 33 is formed with a thickness of about 
1 0 micrometers. The thickness is not to be limited to this 
value but may be about 20 micrometers or below. Thus, 
the conductive paste 33 is applied to cover the photo- 
resist 30 remaining on the glass substrate 20 and over 
the exposed glass substrate 20. 
[0160] Next, as shown in Fig. 29, an organic solvent 
is used to remove the photo-resist 30 from the glass sub- 
strate 20. Thus, the photo-resist 30 and the conductive 
paste 33 formed on this photo-resist 30 are peeled off 
from the glass substrate 20, and only the conductive 
paste 33 formed at a position corresponding to the cath- 
ode electrode remains on the glass substrate 20. 
[0161] In the same way as in the aforementioned 
method, sintering and surface treatment are carried out 
to completely remove impurities such as the photo-re- 
sist 30 and binder, so that conductive fine particles can 
be adhered directly onto the glass substrate 20. It should 
be noted that in this case also, the conductive paste 33 
may contain a glass content so that the conductive fine 
particles are firmly fixed by the glass material. 
[0162] In this method, there is no need of forming a 
film of photo-resist 30 on the cathode electrode and ac- 
cordingly, it is possible to reduce impurities on the cath- 
ode electrode. Consequently, in this method it is possi- 
ble to effectively remove binder by sintering. As a result, 
in this method, it is possible to make the surfaces of the 
conductive fine particles appropriate for emitting elec- 
trons. 

[0163] As has been described above, in the electron 
emission device production method according to the 
present invention, a conductive paste containing a bind- 
er and the like is applied onto a glass substrate, which 
is then sintered to remove the binder. Thus, in this meth- 
od conductive fine particles are adhered directly onto 
the glass substrate. Here, the conductive fine particles 
are fixed to the glass substrate by the Van der Waals 
force. 

[01 64] Thus, this method enables to adhere the con- 
ductive fine particles directly onto the glass substrate 
and does not require any particular adhesive layer for 
adhering the conductive fine particles. 
[0165] In the conventional method where the conduc- 
tive fine particles are used as a cathode electrode, an 



adhesive layer is required, whose thickness need be ac- 
curately controlled. This thickness control should be car- 
ried out in the order of several Angstroms, which makes 
the production quite difficult. 
5 [0166] In the production method according to the 
present invention, the conductive fine particles can be 
used as a cathode electrode without carrying out such 
an accurate thickness control. Thus, in this method, it is 
possible to easily form the cathode electrode. Moreover, 
w this production is simplified because no adhesive layer 
is required. 

[0167] Moreover, in this method, a surface treatment 
is carried out after sintering, so as to activate the surface 
of the conductive fine particles. That is, the surface treat- 
is ment can remove impurities such as a binder completely 
from the conductive fine particles, so that the conductive 
fine particles can easily emit electrons. 
[0168] Furthermore, in this method, a conductive 
paste containing a glass content is sintered so that the 
20 portions of the conductive fine particles adhered directly 
to the substrate can be surrounded by the glass mate- 
rial. Thus, the conductive fine particles can be firmly 
fixed directly onto the substrate. Accordingly, in this 
method, it is possible to prevent peeling off the conduc- 
es tive fine particles from the substrate, which significantly 
increases the productivity. 

[0169] Furthermore, the electron emission device 
produced according to this method has a cathode elec- 
trode having a simplified configuration compared to the 
30 conventional spint type electron emission device. Ac- 
cordingly, this method can produce a cathode electrode 
with an accuracy of several microns compared to the 
conventional method requiring an accuracy of submi- 
crons. Thus, the method of the present invention signif- 
35 icantly mitigates the production accuracy, facilitating 
production of a large-size display. 
[0170] The present invention is not to be limited to the 
above-mentioned embodiments but can be modified in 
various ways including configurations, materials, di- 
40 mensions, and production methods within the scope of 
the invention. 

[0171] As has been detailed above, in the electron 
emission device according to the present invention, the 
conductive fine particles are adhered directly to the sub- 
45 strate and accordingly, electron emission is assured by 
a predetermined electric field. That is, in the electron 
emission device, the conductive fine particles can effec- 
tively emit electrons without any hindrance. 
[0172] Moreover, in the electron emission device pro- 
50 duction method according to the present invention, a 
conductive paint containing conductive fine particles 
and binder are sintered so that the conductive fine par- 
ticles are adhered directly onto the substrate. Accord- 
ingly, in this method, there is not need of providing an 
55 adhesive layer or the like which requires an accurate 
control of film thickness. Consequently, in this method, 
it is possible to easily produce an electron emission de- 
vice using conductive fine particles. 
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[0173] Furthermore, in the display apparatus accord- 
ing to the present invention employing an electron emis- 
sion device in which a cathode electrode is constituted 
by conductive fine particles adhered directly onto the 
substrate, it is possible to assure electron emission from s 
the conductive fine particles. Accordingly, in this display 
apparatus, the fluorescent plane can preferably emit 
light. Consequently, the display apparatus according to 
the present invention significantly increases the lumi- 
nance. 10 



Claims 

1. An electron emission device comprising a cathode '5 
electrode (6) of conductive fine particles (6A) 
formed on a substrate (5), 

wherein said conductive fine particles (6 A) 
are adhered directly onto said substrate (5) and 
electrons are emitted from said conductive fine par- 20 
tides (6A) when a predetermined electric field is ap- 
plied 

2. An electron emission device as claimed in Claim 1 , 
wherein said conductive fine particles (6A) are sin- 25 
tered to be adhered directly onto said substrate (5). 

3. An electron emission device as claimed in Claim 2, 
wherein said conductive fine particles (6A) are sin- 
tered and electrically connected to one another. 

4. An electron emission device as claimed in Claim 1 , 
wherein portions of said conductive fine particles 
(6A) adhered onto said substrate (5) are held by a 
glass material (8). 35 

5. An electron emission device as claimed in Claim 1 , 
wherein said cathode electrode (6) is formed via a 
conductive layer on said substrate. 

40 

6. An electron emission device as claimed in Claim 1 , 
wherein said cathode electrode (6) is formed in a 
stripe shape and a bus electrode (1 0) is formed from 
a conductive material along one longitudinal side of 
said stripe. 45 

7. An electron emission device as claimed in Claim 1 , 
wherein a gate electrode (1 1 ) is formed via an insu- 
lation layer (12) on said cathode electrode (6), so 
that a voltage is applied to said gate electrode (11 ) so 
to generate an electric field. 

8. An electron emission device as claimed in Claim 1 , 
wherein said conductive fine particles (6A) are 
mainly graphite particles. 55 

9. An electron emission device manufacturing method 
comprising: 
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a step of applying a conductive paint (22) con- 
taining conductive fine particles and binder on- 
to a substrate (21) to form a film thereon; and 
a step of sintering said conductive paint film 
(22) formed on said substrate (21), so as to re- 
move said binder, thus enabling to adhere said 
conductive fine particles directly onto said sub- 
strate (21). 

10. An electron emission device manufacturing method 
as claimed in Claim 9, wherein said conductive 
paint film is formed using the printing method. 

11. An electron emission device manufacturing method 
as claimed in Claim 9, wherein said conductive 
paint (23) contains a photo-sensitive material as 
said binder and is formed into a predetermined pat- 
tern when selectively exposed to light. 

12. An electron emission device manufacturing method 
as claimed in Claim 9, wherein said conductive 
paint film (23) is formed into a predetermined pat- 
tern by the etching method. 

13. An electron emission device manufacturing method 
as claimed in Claim 9, wherein said conductive 
paint film (26) is formed into a predetermined pat- 
tern by the lift-off method. 

14. An electron emission device manufacturing method 
as claimed in Claim 9, wherein said conductive 
paint film (26) is formed into a predetermined pat- 
tern by the sand blast method. 

15. An electron emission device manufacturing method 
as claimed in Claim 9, wherein said binder is re- 
moved by sintering before carrying out a surface 
treatment to said conductive fine particles. 

16. An electron emission device manufacturing method 
as claimed in Claim 15, wherein said surface treat- 
ment is selected from a group consisting of a plas- 
ma etching, electrolysis, dry etching using hydro- 
gen, and ultraviolet-ray radiation. 

17. An electron emission device manufacturing method 
as claimed in Claim 9, wherein said conductive 
paint (23) contains a glass material, and said con- 
ductive paint (23) applied onto said substrate (20) 
is sintered to remove said binder, so that said con- 
ductive fine particles are adhered directly onto said 
substrate (20) and said glass material contained in 
said conductive paint film (23) are precipitated so 
as to hold portions of said conductive fine particles 
adhered directly onto said substrate (20). 

18. A display apparatus comprising: 
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an electron emission device including a cath- 
ode electrode (6) having a plurality of conduc- 
tive fine particles (6A) arranged on a substrate 

an anode electrode (2) arranged to oppose to 
said electron emission device so as to generate 
an electric field to accelerate electrons emitted 
from said electron emission device; and 
a fluorescent plane (3) arranged on said anode 
electrode (2) to be attacked by electrons accel- 
erated by said anode electrode (2), 
wherein said cathode electrode (2) having said 
plurality of conductive fine particles (6A) ad- 
hered directly onto said substrate emits elec- 
trons when a predetermined electric field is 
present and said electrons emitted from said 
cathode electrode (6) cause said fluorescent 
plane (3) to emit light. 

19. A display apparatus as claimed in Claim 18, 

wherein said electron emission device has said 
cathode electrode (6) formed in a plurality of 
stripes parallel to one another; 
said anode electrode (2) is formed in a plurality 
of stripes arranged in a direction vertical to said 
cathode electrode (6); and 
electrons are emitted from said conductive fine 
particles in an area of crossing of said cathode 
electrode (6) with said anode electrode (2). 

20. A display apparatus as claimed in Claim 18, said 
apparatus further comprising a focus electrode (1 3) 
arranged between said electron emission device 
and said anode electrode (2), so as to focus elec- 
trons emitted from said conductive fine particles. 
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